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Summary The quality of social relationships may contribute to variations in biological stress
responses, thereby affecting health risk. The association between an important indicator of
social relationships, adult attachment style, and cortisol has been relatively unexplored. The
present study examined adult romantic attachment style and cortisol responses to acute
laboratory stress. Salivary cortisol was measured in response to two behavioural tasks, a
colour/word interference task and mirror tracing task, in 498 healthy men and women from
the Heart Scan study, a subsample of the Whitehall II cohort. Participants were classified as
secure, fearful, preoccupied or dismissive on the basis of responses to the Relationship
Questionnaire. Cortisol output was lowest in the fearful group, followed by the preoccupied
group, with both secure and dismissive groups having higher levels. The results from this study
tentatively support the proposition that attachment style is a factor in determining the
manifestation of HPA dysregulation.
# 2010 Elsevier Ltd. Open access under CC BY-NC-ND license.1. Introduction
Attachment theory proposes that a biologically based system
of behaviours regulates proximity between an infant and
caregiver with the goal of increasing the infant’s survival
in the face of external threats (Bowlby, 1969). These inter-
actions between infant and care-giver are internalised form-
ing enduring cognitive schemas, or ‘‘internal working
models’’, of expectations of care that remain into adulthood
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situations learned in these early relationships provide a
template for relatively stable and enduring patterns of inter-
personal behaviour which are known as the adult attachment
style (Ainsworth et al., 1978; Hazan and Shaver, 1987). It is
believed that the adult attachment style remains linked to
the psychological and biological systems that regulate threat
(stressor) appraisal, response and recovery (Bowlby, 1969).
To date themain focus of adult attachment research has been
on subjective accounts of distress, particularly symptom
reporting (Ciechanowski et al., 2002a,b; Kidd and Sheffield,
2005; Wearden et al., 2005; Armitage and Harris, 2006).
Little is known about physiological responses to the activa-
tion of the attachment system. This paper aims to extend
previous work by examining adult attachment using the four
style classification model and cortisol responses to acute
stress in healthy older men and women.
772 T. Kidd et al.There are two traditions formeasuring adult attachment,
the first examines retrospective accounts of parent—child
relationships and is assessed using semi structured interview
developed by Main and colleagues (1985). In the second, the
peer/romantic partner tradition, authors have developed
questionnaires to measure how adults with different attach-
ment histories perceive and behave in close relationships
(Hazan and Shaver, 1987). These self report measures
of adult attachment assign individuals to categories of
attachment style or measure the degree to which various
dimensions of attachment style are present. Dimensional
measures of attachment focus on attachment anxiety
(expectation of separation, abandonment, or insufficient
love; a preoccupation with the availability and responsive-
ness of others; and hyper-activation of attachment beha-
viour) and avoidance (devaluation of the importance of
close relationships, avoidance of intimacy and dependency,
self reliance, and relative deactivation of attachment beha-
viour) (Brennan et al., 1998). Although continuous methods
of assessing attachment style have been shown to provide a
more accurate picture than that available using the four
discrete categories (Brennan et al., 1998), categories con-
tinue to be used in contemporary research for their ease of
administration and interpretation (Maunder and Hunter,
2009), particularly so in large scale studies in which attach-
ment is measured along with many other variables. This is
the case in the Whitehall II prospective epidemiological
study from which these data were drawn (Bartley et al.,
2007). Moreover there is no consensus as to whether attach-
ment phenomena are inherently categorical or dimensional
(Ravitz et al., 2010).
Bartholomew and Horowitz (1991) measure reconciles
categorical and dimensional models by defining categories
that correspond to a combination of extreme positions on the
dimensions of attachment anxiety and avoidance. They
developed a two-dimensional model comprising of view of
self and view of others. Scores on these dimensions produce
four possible attachment prototypes. Those classed as secure
(low anxiety, low avoidance) hold a positive view of self and
others because of the consistent responsive care they
received. They are comfortable relying on others, and are
easily comforted. Preoccupied individuals (high anxiety, low
avoidance) hold a negative view of themselves, but a positive
view of others due to inconsistent caregiving. This style is
characterised by emotional dependency on others, negative
affect, being hyper-vigilant to any potential threats, and
having low self esteem. Dismissive persons (low anxiety, high
avoidance) have a positive view of self, where they view
themselves as resilient and not needing others, but a nega-
tive view of others due to early unresponsive care. Although
they are uncomfortable being close to others, they have a
positive view of themselves. This strategy leads to the denial
of attachment needs, avoidance of closeness, intimacy,
dependence in close relationships, and self reliance and
independence. Finally, fearful individuals (high anxiety, high
avoidance) have a negative view of both themselves and
others. Akin to preoccupied styles they seek social contact,
but in this case are inhibited by fear of rejection. This leads
to a behaviour style of approach and avoidance in inter-
personal interactions in adult life. In common with preoccu-
pied styles they experience high levels of negative affect and
poor self esteem.Bowlby (1969) believed that adult attachment style
remains linked to the psychological and biological systems
that regulate threat appraisal, stress response, and recovery
from stress. Research has shown that there are differences
between attachment styles on threat appraisal during both
attachment and non-attachment related stressors (Mikulin-
cer and Florian, 1998; Schmidt et al., 2002). Individuals high
in attachment anxiety are hyper-reactive to threats, tend to
report greater levels of perceived stress, and also are much
more likely to ruminate over the event (Shaver and Mikulin-
cer, 2007). Those high in attachment avoidance are more
likely to employ defensive regulation mechanisms, such as
repression, to allow them to control unpleasant emotionally
stressful situations (Shaver and Mikulincer, 2007). Although
past work suggests that attachment insecurity could be an
important factor in regulating the perception of threat, less
is known regarding any association between attachment style
and biological response to stress.
Stressful situations are thought to activate the attach-
ment system (Bowlby, 1969; Mikulincer et al., 2003), and
physiological systems are an important mechanism for the
expression of stress responses. It has been argued that the
hypothalamic—pituitary—adrenal (HPA) axis will be particu-
larly sensitive to attachment processes because it specifically
responds in situations that evoke social-evaluative threat
(Blascovich and Tomaka, 1996; Dickerson and Kemeny,
2004; Denson et al., 2009), is sensitive to interpersonal
situations (Diamond, 2001; Kirschbaum et al., 1995), and
shows individual variation in response (Gerra et al., 2001).
Stimulation of the HPA axis leads to the release of adreno-
corticotropin hormone (ACTH) by the anterior pituitary,
which results in the adrenal cortex releasing cortisol into
the bloodstream. Although activation of these systems in
response to stress is functional, repeated activation of the
stress system can ultimately compromise functioning (Taylor,
2010).
There is an extensive literature that supports the exis-
tence of a relationship between early care-giving experi-
ences and dysregulation of the HPA axis in animals and
humans, whereby adverse early life experience stimulates
upregulation or down-regulation of adult cortisol stress
responses resulting in dysregulation of stress responsivity
(Heim et al., 2000; Luecken and Lemery, 2004; Carpenter
et al., 2009; Lupien et al., 2009). Much of the research to
date has examined these processes in populations that have
experienced trauma or abuse (Repetti et al., 2002; Taylor,
2010). However there is mounting evidence that lower level
stressful early life experiences can also compromise the HPA
axis pathways such as non nurturant behaviour, neglect, non-
responsive parenting, and maternal withdrawal (Taylor,
2010). In a review Chorpita and Barlow (1998) reported that
families characterised by low levels of warmth, and high/low
restrictions, and controlling parenting had children with a
hyper-reactive cortisol response to stress. It is widely
believed that over time this chronic response gives way to
hypocortisolism as the HPA axis loses its resilience (McEwen,
1998). Thus, the effects of early environment on HPA stress
response may occur across a spectrum of early environment
quality and involve multiple parameters of the HPA axis, as
well as alterations in functioning over time. Not surprisingly,
attachment insecurity has been associated with adverse early
life experience (Quirin et al., 2008). It has been suggested
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ulate physiological reactions to distress in both children
(Gunnar et al., 1996) and adults (Carpenter and Kirkpatrick,
1996; Maunder et al., 2006; Pierrehumbert et al., 2009).
Recently, five studies have been published that examine
adult attachment and cortisol response in healthy popula-
tions. Four of the studies measure adult romantic attachment
using the Experiences in Relationships Questionnaire (Bren-
nan et al., 1998). This is a continuous measure of attachment
anxiety and avoidance. Powers et al. (2006) examined 124
heterosexual dating couples’ patterns of cortisol reactivity
and recovery in response to a relationship conflict. They
found that avoidance in women and a combination of attach-
ment anxiety and avoidance in men were associated with
greater stress reactions than was secure attachment. Simi-
larly, Ditzen et al. (2008) examined the role of social support
on psychological and cortisol response to stress using the Trier
Social Stress Test (TSST) on 63 healthy men. The results
suggest an interaction effect for secure attachment and
social support for reducing self reported anxiety, but attach-
ment did not directly moderate cortisol response to acute
stress. Quirin et al. (2008) examined both the cortisol awa-
kening response and cortisol responses to an acute stressor,
which consisted of a cognitive task with unpredictable
uncontrollable noise on 48 healthy women. They found a
significant positive association between attachment anxiety
and cortisol for the acute phase of the study, but a significant
negative relationship between attachment anxiety and cor-
tisol awakening response. Rifkin-Graboi (2008) examined
attachment and cortisol during an interpersonal challenge
based around attachment topics such as death, separation
and abandonment, followed by a series of cognitive chal-
lenges in 46 healthy males using the Adult Attachment Inter-
view (Main et al., 1985). She found that dismissing individuals
had greater cortisol responsivity during the interpersonal
challenges but not the cognitive tasks. Cortisol awakening
responses were also measured but no associations were
reported. Most recently Smeets (2010) investigated the asso-
ciation between attachment, vagal and cortisol response to
the TSST task in a sample of 68 healthy young men. No
differences were found on any outcome measures.
However, due to the considerable variation between stu-
dies, direct comparison is difficult. Part of this variation is
due to the type of task employed to evoke a stress response.
Some tasks are attachment specific threats such as conflict
with a partner (Powers et al., 2006). Others include both
attachment and non-attachment related tasks, such as the
paced auditory serial addition task (PASAT) (Quirin et al.,
2008), and some are non-attachment related (Ditzen et al.,
2008; Smeets, 2010). These different approaches to measur-
ing stress reflect a current debate among researchers as to
whether attachment is a state or trait characteristic. On one
hand attachment behaviours are not always on display and
are activated by stressful events, with larger effects being
found for attachment specific threats (Powers et al., 2006).
On the other hand, there is a trait like consistency to the
patterns of behaviour that is evident in these situations, as
demonstrated in subjective reports of distress (Ravitz et al.,
2010). This suggests that attachment may influence stress
responses on a more global level, and not just be limited to
attachment specific threats such as inter-personal conflict.
Although the physiological research so far seems to favourthe state approach (Powers et al., 2006; Rifkin-Graboi,
2008), research is still at a very early stage and further work
is needed to assess the processes associated with attachment
and physiological activation. Moreover, the research to date
has focused on the physiological responses of young adults.
However, early life research suggests that stress response can
change over time as a result of chronic activation of the stress
systems (Repetti et al., 2002; Taylor, 2010). To date these
assertions regarding the nature of attachment, be it state or
trait activated, have not been examined looking at cortisol
response in an older population.
Therefore our hypotheses are as follows: first, those
individuals high in attachment anxiety (preoccupied and
fearful) will report greater levels of perceived stress in
comparison to those low in anxiety (secure and dismissive)
during a non-attachment related acute stress task. As find-
ings from previous research are quite diverse it was not
possible to develop specific hypotheses regarding cortisol
reactivity during an acute stressor. Therefore we have
adopted a more general approach. Our second hypothesis
is that there will be a difference in cortisol response between
attachment styles during a non-attachment related task in an
older population.
2. Method
2.1. Participants
These analyses were carried out on a subsample of partici-
pants in the Heart Scan study, a psychophysiological inves-
tigation of the relationship between socioeconomic and
psychosocial factors, physiological stress responsivity, and
subclinical coronary artery disease (Hamer et al., 2010;
Steptoe et al., 2010). The Heart Scan study was conducted
with healthy middle-aged men and women who were mem-
bers of the Whitehall II epidemiological cohort (Marmot
et al., 1991). It involved 543 participants aged 53—76 years,
498 of whom (271 men, 227 women) completed the attach-
ment measure (age range 45—68 years). All procedures were
carried out with the written consent of the participants.
Inclusion criteria included white European origin, no history
or objective signs of coronary heart disease (CHD), hyperten-
sion, or inflammatory disease, no history of mental illness, or
any medication that might affect cortisol levels, including
hormone treatment. Recruitment was stratified by grade of
employment in order to investigate socioeconomic status
(SES).
2.2. Laboratory stress procedures
Each participant underwent a psychophysiological stress
testing session in the laboratory. Participants were tested
individually in either morning or afternoon sessions in a light
and temperature controlled laboratory. Participants were
asked to refrain from alcohol and exercise in the evening
before or during the day of testing, and not to drink caffei-
nated drinks, or smoke at least 2 h prior to testing. After a
30 min rest period, a baseline saliva sample was taken. Two
non-attachment related behavioural tasks were adminis-
tered in a random order. The first task was a mirror tracing
task, where participants had to trace a mirror image of a star
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person completed the circuit five times in the time allowed
and they were asked to prioritise accuracy over speed
throughout both tasks. The second task was a computerised
version of the stroop test, a colour interference task, where a
colour word (e.g. blue) is presented on screen in an incon-
gruous colour. Participants were asked to press a computer
key that corresponded to the location of the correct colour of
the word presented. Each task lasted 5 min, and task order
was randomised across participants. Saliva samples were
collected immediately after the tasks were completed,
and then at 20, 45, and 75 min intervals after the end of
tasks for the assessment of salivary cortisol. The samples
were collected using Salivettes (Sarsted, Leicester, UK),
which were then stored at 30 8C until analysis. Levels of
cortisol were assessed using a time resolved immunoassay
with fluorescence detection, at the University of Dresden.
The intra and inter-assay coefficients of variation were less
than 8%. Participants were asked to rate their level of stress
at baseline, immediately after each task, and during recov-
ery on a seven point Likert scale ranging from 1 (no stress) to
7 (feeling very stressed). Scores from both stress tasks were
aggregated to produce one average stress task score.
2.3. Questionnaires
The Relationship Questionnaire (RQ) is a single item measure
made up of four short paragraphs, each describing a proto-
typical attachment pattern as it applies in close adult peer
relationships (Bartholomew and Horowitz, 1991). Partici-
pants are asked to rate their degree of correspondence to
each prototype out of 100 where 100 meant that ‘‘the
statement describes me exactly.’’ These ratings provide a
profile of an individual’s attachment feelings and behaviour.
Participants were asked to provide different ratings for each
paragraph. The highest of the four attachment prototype
ratings can be used to classify participants into an attach-
ment category of secure, fearful, preoccupied or dismissive.
The statements are:
It is easy for me to become emotionally close to others. I
am comfortable depending on them and having them
depend on me. I don’t worry about being alone or having
others not accept me. (Secure)
I am uncomfortable getting close to others. I want emo-
tionally close relationships, but I find it difficult to trust
others completely, or to depend on them. I worry that I
will be hurt if I allowmyself to become too close to others.
(Fearful)
I want to be completely emotionally intimate with others,
but I often find that others are reluctant to get as close as I
would like. I am uncomfortable being without close rela-
tionships, but I sometimes worry that others don’t value
me as much as I value them. (Preoccupied)
I am comfortable without close emotional relationships. It
is very important to me to feel independent and self-
sufficient, and I prefer not to depend on others or have
others depend on me. (Dismissive)
Each person was classified into their attachment style on
the basis of their highest score for each paragraph. Partici-
pants were excluded if two or more paragraphs had the samerating out of 100. This measure was administered in phase
five (1997—1999) of the Whitehall II study (Bartley et al.,
2007).
2.4. Statistical analysis
The participant characteristics for each attachment style
were compared using Chi-square tests for categorical data
and univariate analysis of variance for continuous data. The
pattern of cortisol over the laboratory session was analysed
using individual values, and also by computing cortisol area
under the curve with respect to ground (AUCground) for the
complete session, using the procedures described by Pruess-
ner et al. (2003). Task scores were aggregated to increase
reliability. Cortisol values were skewed and so were log
transformed for analysis; geometric means are presented
in the manuscript for the sake of comprehensibility and
comparison with other studies. The relationships between
attachment style and subjective stress and cortisol responses
were analyzed using repeated measures analysis of variance
with trial as the within-person and attachment style as the
between-person factor. The Greenhouse—Geisser correction
of degrees of freedom (df) was applied when the sphericity
assumption was violated, but unadjusted dfs are presented in
Section 3. Additionally, cortisol AUCground was analysed using
analysis of covariance. Age, gender, BMI, smoking status, and
employment grade as covariates for all the analyses. These
factors were included since they are known to influence
responses (Hamer et al., 2010; Steptoe et al., 2003). Since
half the sessions were held in the morning and half in the
afternoon, time of day was included as an additional covari-
ate. Significant difference between means were analysed
using Tukey’s least significant difference test.
3. Results
3.1. Demographics
Participant characteristics are detailed in Table 1. 236 par-
ticipants were classed as having a predominantly secure
attachment style, 68 fearful, 31 preoccupied and finally
163 were classed as having a dismissive attachment style.
There were no significant differences between attachments
styles on gender, age, employment grade, or smoking beha-
viour ( p > 0.05). Although all groups would be classed as
being over-weight using BMI categorisation, there was a
significant difference on total BMI (kg), with those classed
as preoccupied having higher BMI values (F (3, 492) = 3.77,
p = 0.04) than those with a secure, fearful or dismissive
attachment style.
3.2. Attachment style and perceptions of stress
The analysis of subjective stress showed a main effect of trial
(F (4, 1952) = 623.5, p < 0.001) and for attachment style (F
(3, 488) = 2.72, p = 0.04), but no interaction between the
two. Stress ratings increased in response to tasks, returning
to baseline in the post-task recovery phase (see Fig. 1).
Overall, the average stress rating was lower for participants
in the secure group (mean 1.91  (SD) 0.66, adjusted for
covariates) than in the fearful (2.11  0.72, p = 0.02) or
Table 1 Characteristics of participants by attachment style.
Secure Fearful Preoccupied Dismissive
Age Mean (SD) 54.0(5.68) 52.0(4.61) 52.0(4.43) 55.0(5.80)
BMI (kg) Mean (SD) 25.34(3.73) 25.52(3.55) 27.39(4.93) 25.36(3.73)
Gender
Men N 129(26%) 37(7%) 21(4%) 83(18%)
Women N 107(21%) 31(6%) 10(2%) 80(16%)
Employment grade
Higher N 95(20%) 22(4%) 12(2%) 64(13%)
Intermediate N 90(18%) 26(5%) 16(3%) 66(13%)
Lower N 51(10%) 20(4%) 3(1%) 33(7%)
Current smokers N 19(4%) 6(1%) 2(0.4%) 10(2%)
(%) are in relation to the whole sample.
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ing significantly from the dismissive style group (2.02  0.61,
p = 0.09). But subjective responses to tasks did not differ. No
differences were reported between attachment styles on
ratings of task difficulty (F (3, 494) = 1.75, p = 0.16), involve-
ment in the task (F (3, 494) = 1.14, p = 0.33), perceived
performance (F (3, 494) = 1.11, p = 0.34), or control during
the tasks (F (3, 494) = 1.26, p = 0.29).
3.3. Attachment style and cortisol stress
responses
Repeated measures analysis of variance across the laboratory
session confirmed a significant effect of trial for cortisol (F (4,
1976) = 46.61, p = 0.001, h2 = 0.04). It can be seen from Fig. 2
that the tasks induced increases in cortisol, with a subse-
quent decline over the recovery period. In addition, there
was a main effect of attachment style, (F (3, 494) = 3.59,
p = 0.01), but no interaction between attachment style and
trial after adjustments for age, gender, grade of employ-
ment, smoking, BMI and time of testing. Cortisol output was
lowest in the fearful followed by the preoccupied group, with
the secure and dismissive style groups having higher levels.
The association between attachment style and cortisol was
further examined using the cortisol AUCground measure. The
geometric mean cortisol AUCground in the fearful group
was 409.9 nmol/l, significantly lower than in the secure
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Fig. 1 Mean perceived stress ratings (range 1—7) in the four
attachment style groups for baseline, the tasks, and 20, 45, and
75 min following tasks.(473.0 nmol/l) and dismissive (492.3 nmol/l, both p < 0.05),
after adjustment for age, gender, grade of employment, smok-
ing status, BMI and time of laboratory testing. The preoccupied
group had a cortisol AUCground averaging 449.9 nmol/l that did
not differ from other groups.
4. Discussion
Previous research suggests that insecure attachment is asso-
ciated with increased perceptions of stress (Ditzen et al.,
2008), increased reactivity (Powers et al., 2006; Quirin et al.,
2008; Rifkin-Graboi, 2008), and delayed recovery in young
adults (Powers et al., 2006). The aims of the present study
were twofold: first, to investigate the relationship between
attachment styles and perceptions of stress in response to
acute behavioural challenge: second, to examine the asso-
ciation between adult attachment styles on cortisol response
to an acute stressor in an older population.
4.1. Adult attachment style and subjective
stress reports
Previous research has shown that preoccupied (high anxiety/
low avoidance) and fearfully (high anxiety/high avoidance)
attached individuals consistently report more subjective
distress than either dismissing or secure groups during both
attachment specific threat (Maunder et al., 2006; Ditzen
et al., 2008) and non-attachment provoking situations (Kidd
and Sheffield, 2005). Correspondingly, those who had a fear-
ful or preoccupied attachment style reported significantly
greater levels of perceived stress compared to those with a
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Fig. 2 Cortisol response to acute stress (nmol/l) in the four
attachment style groups for baseline, immediately post tasks,
and 20, 45, and 75 min following tasks.
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notable that effects were present across the complete session
including baseline and recovery, and not in response to tasks
themselves. Thismaybeexplained, in part, by the behavioural
strategies developed over time to maximise closeness to the
attachment figure and aid in the regulation of affect.
The normal function of attachment is to regulate distress
(Shaver and Mikulincer, 2007). As insecurely attached indivi-
duals are not able to regulate their emotions internally a series
of strategies have developed to reduce ormanage any distress
experienced (Shaver and Mikulincer, 2007). Bartholomew and
Horowitz (1991) describe preoccupied individuals as overly
dependent on others and in constant need of attention,
whereas those who are fearfully attached seek social contact
but are inhibitedby fear of rejection. This leads toanapproach
and avoidance style in interpersonal interaction in adult life. It
may be that fearful and preoccupied attachment styles, both
associatedwithhigh levelsofattachmentanxiety, utilisehyper
vigilant strategies and over report so that their distress is
acknowledged, and to ensure care will be provided (Ciecha-
nowski et al., 2002a,b, 2003; Mikulincer et al., 2003). In
contrast those with a dismissing style, (low anxiety, high
avoidance), report less distress than both fearful and preoc-
cupied styles. Again, this is consistent with the research
literature that suggests that those who are high in avoidance
attachment disassociate themselves from situations that may
threaten their autonomy (Mikulincer, 1998).4.2. Adult attachment style and physiological
response to acute stress
Although a significant main effect was found for attachment
style on cortisol response there was no interaction with trial.
These findings are similar to the results obtained for perceived
stress, whereby differences between attachment styles on
cortisol response are present across the complete session,
and not in response to the tasks themselves. Further analysis
examining the AUC revealed that the differences between
attachment styles were on total cortisol output over the study
period. Significant differences were reported between those
with a secure and fearful attachment style, and those with a
dismissive and fearful attachment style. No differences were
reported between secure, preoccupied or dismissive attach-
ment styles on this outcome. Individuals with a fearful attach-
ment style had a blunted cortisol response over the entire trial
period. These results are somewhat in contrast to previous
work that has found either no association between adult
attachment and cortisol response (Ditzen et al., 2008; Smeets,
2010), or cortisol hyper-responsivity to an acute stress task in
healthy populations (Powers et al., 2006; Rifkin-Graboi, 2008).
For example, Powers et al. (2006) found that men with both
high attachment anxiety and avoidance (fearful) and women
with high levels of attachment avoidance displayed greater
cortisol reactivity during a conflict negotiation task. Rifkin-
Graboi (2008) found dismissing attachment was associated
with increased cortisol reactivity in a sample of collegemales.
Somewhat in line with our findings, Quirin et al. (2008)
reported an association between attachment anxiety and a
decrease in cortisol response to awakening.
Our results also indicate an inverse relationship between
subjective and objective stress measures for fearfullyattached individuals. To our knowledge this association
between perceived stress and neuroendocrine response to
a stressor has not been described before. Previously, Ditzen
et al. (2008) examined perceived and objective stress
response to an acute stressor, and although they found that
those who were high in anxious attachment reported higher
levels of stress as in the case of our study, there was no
relationship to cortisol response for the attachment dimen-
sions. So ours is the first study to report that fearfully
attached individuals report higher levels of perceived stress
but have the lowest cortisol response during an acute stress
trial in an older population.
To help explain possible reasons for this association it
may be useful to draw on the developing literature
relating early life adversity with reduced cortisol respon-
sivity. Dysregulation of the HPA axis represents a
potential marker of vulnerability for a variety of stress
related diseases and neuropsychiatric disorders (Gervasoni
et al., 2004; Miller et al., 2007). There is increasing
evidence (Fries et al., 2005; Gunnar and Vazquez, 2006)
that stress over the life span results in hypocortisolism,
specifically low early morning levels of cortisol and blunted
adrenocorticotropic-hormone (ACTH) and cortisol response
to acute stressors. Clinical studies of adults who experi-
ence even low level early life stress have shown alterations
in HPA axis reactivity. Heim et al. (2000) found lower
cortisol concentrations to acute stress in people who
experience early life adversity. Carpenter et al. (2007)
reported diminished total plasma cortisol and ACTH
response during a psychosocial stress test for individuals
who reported moderate to severe early life stress. It is
possible that the participants with a fearful attachment
style experienced greater early life adversity than other
groups, leading both to their adult attachment style and to
attenuated cortisol secretion.
Another possible explanation for our results may be
related to the age of the participants in the current work
as compared with previously conducted studies. The average
age for our group was 54 years compared with 23 years for
other studies (Powers et al., 2006; Quirin et al., 2008; Rifkin-
Graboi, 2008). Carpenter et al. (2009) and Lupien et al.
(2009) have shown that age may be an important factor in
determining the magnitude of the stress response. Authors
such as Carpenter et al. (2009) suggest the significant inter-
action of exposure to an early stressor and increasing age on
the HPA axis response to a standardised challenge might
reflect cumulative or progressive effects of early environ-
ment across the life span. Such an interpretation would be
consistent with the concept of allostatic load, or long term
wear and tear on physiological systems because of chronic
stress or demand on stress adaptive biological mechanisms.
Lupien et al. (2009) has noted that the aging brain seems
more vulnerable to hippocampal damage from prolonged
psychosocial stress associated with these processes. Incon-
sistency in the literature may be due to the degree and
chronicity of contemporary stressors in adulthood, and
may contribute significantly, particularly if the trajectory
from HPA axis hyper responsivity to hyporesponsivity occurs
during several decades of stress exposure (McEwen, 2008).
Accordingly, it may be that over time specific aspects of
attachment strategies, such as chronic hyper-vigilance to
perceived stress as found in fearful attachment style, may
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perceived stress.4.3. Limitations and future directions
Caution needs to be taken in interpreting the data presented
here. Although cross sectional studies allow us to establish
the existence of relationships, they do not allow us to state
cause and effect. One possible explanation is that attach-
ment style influences the development of the stress
responses. However, other explanations are also possible;
for example hyporeactivity may be an adaptive response
acquired in childhood maintained into adulthood, and not
a result of allostatic load (Gunnar et al., 2009). It is also
important to take into account the considerably smaller
sample size of the preoccupied group. Those with a preoc-
cupied style are high in attachment anxiety and similarly to
fearful individuals report greater perceived stress. It may be
that blunted cortisol responses are specific to the fearful
group who are high in both attachment anxiety and avoid-
ance. Individuals who are fearfully attached face an
approach-avoidance dilemma during times of perceived
threat, where the attachment figure (romantic partner)
represents simultaneously a haven of safety and a source
of threat. A consequence of this behavioural strategy is that
the attachment system remains activated, which may result
in increased allostatic load over time (Pierrehumbert et al.,
2009). However, it cannot be ruled out that the lack of
association may be a result of the relatively small number
of those with a preoccupied attachment style in the study. In
addition this study was limited to white, middle aged parti-
cipants and so we cannot generalise the results to other age
or ethnic groups.
Type of task might also have had an impact on the results.
The stroop and mirror tracing tasks were deliberately chosen
for the study as they were non-attachment related stress
tasks, and they have been shown to reliably produce a cortisol
response during stress testing (Dickerson and Kemeny, 2004).
We wanted to examine whether attachment is activated dur-
ing all types of stress, or whether these responses are specific
to attachment related threats. If attachment style responses
are activated during a non-attachment related stressor it
could be argued that attachment is a trait characteristic.
Our results tentatively support thehypothesis thatattachment
might be a trait characteristic because significant differences
were found betweenattachment styles during the trial period.
Specifically, individuals with a fearful attachment style had
the lowest cortisol response during the trial. Moreover the
difference was in overall cortisol level during the study period
and not in responses to tasks. On the one hand this lends
support to the trait proposition as over the course of the life
span fearfully attached individuals,whoare constantly alert to
any type of perceived threat, develop a hypo-reactive stress
response as a result of their attachment system being con-
stantly activated (Shaver and Mikulincer, 2007; Pierrehumbert
et al., 2009).On theother hand, thismay indicate that the task
was not stressful enough, and the task did not produce a stress
reaction to produce a change in cortisol levels.
It should be noted that cortisol responses were modest in
the present study, and this is a reflection of the stress task
used. It may be that attachment is associated with largercortisol responses only when the stressor is attachment
related, thus supporting the state activated approach to
attachment (Powers et al., 2006). However, it should be
noted that participants in the study were healthy older
individuals, not on any medication, and without any disease,
so we would not expect to see large cortisol responses
(Dickerson and Kemeny, 2004). However, this is the first study
to find evidence in support of the trait approach using only a
non-attachment related task. Further research should exam-
ine these associations using other non-attachment related
tasks, such as the TSST, which has been found to elicit
consistently larger cortisol responses (Dickerson and Kemeny,
2004).
Much criticism has been levelled at the use of attachment
styles instead of dimensions in the research literature. It has
been argued that the dimensional approach is more accurate
as it is thought that statistical power is lost when continuous
variables are converted into categories. However, a recent
review suggested that there is no consensus regarding
whether attachment is best described analytically as cate-
gorical or dimensional (Ravitz et al., 2010). Additionally
there is debate over the number of attachment styles, with
some investigators preferring the original three style model
proposed by Ainsworth et al. (1978) comprising of secure,
anxious and avoidant, while others advocate the four style
approach where the avoidant style is split into dismissing and
fearful (Bartholomew and Horowitz, 1991). Our results
strongly support the latter of the two, as there were clear
differences between the dismissive and fearful groups. For
example, opposing responses were found between fearful
and dismissive on both perceived stress and cortisol response.
The majority of the work that has been undertaken has used
dimensional measures of attachment, and only one of these
studies found an interaction between anxious and avoidant
attachment (Powers et al., 2006). Interestingly, the interac-
tion was for high avoidance and high anxiety, the fearful
group classification. This again suggests that fearful attach-
ment in particular may have a deregulatory effect on the HPA
axis. Clearly more work is needed to establish the most
appropriate way of measuring adult attachment in clinical
research.
The results from this study add to the existing literature in
showing differences between attachment styles in endocrine
responses to non-attachment related stress. They also sug-
gest that responses are different in an older population
compared with the younger populations previously studied.
Future work is needed to understand the mechanisms and
processes that may be occurring over the life course. One
direction that may be useful to pursue is the role of the
hippocampus. Prolonged cortisol secretion has been related
to destruction of neurons in the hippocampus and to meta-
bolic and immune changes (Pruessner et al., 2010). The
hippocampus plays an important role in the regulation of
the HPA axis. A recent study by Quirin et al. (2010) reported a
link between attachment anxiety and avoidance and reduced
hippocampal cell density in healthy young adults. It may be
that reduced hippocampal cell density constitutes a neural
underpinning of reduced stress regulation ability among
insecurely attached individuals, and especially those who
are fearfully attached.
The examination of the associations between attachment
and stress response in clinical populations may help identify
778 T. Kidd et al.some of these processes, particularly in those who have
experienced chronic stress from an early age. Pierrehumbert
et al. (2009) also found an inverse relationship between
subjective and objective stress reports for those with an
unresolved attachment style in a sample of women who
had been abused during childhood or adolescence. They
postulate that chronic exposure to stress may cause a desen-
sitization of the endocrine system, whereby hypocortisolism
may be seen as an exhaustion of the stress response. Taking
this into consideration the results from the current study
tentatively support the proposition that attachment style is a
factor in determining the manifestation of HPA axis dysre-
gulation. Further work is needed to understand the activa-
tion of these processes, the impact on the stress systems, and
the consequences for health.
Role of the funding source
Funding for this study was provided by the British Heart
Foundation (RG/05/006). The British Heart Foundation had
no further role in the study design; in the collection, analysis
and interpretation of data; in the writing of the report; and in
the decision to submit the paper for publication.
Conflict of interest
All authors declare that they have no conflicts of interest.
Contributors
Mark Hamer and Andrew Steptoe designed the study and
wrote the protocol. Tara Kidd managed the literature
searches and analyses. Tara Kidd and Andrew Steptoe under-
took the statistical analyses, and Tara Kidd wrote the first
draft of the manuscript. All authors contributed to and have
approved the final manuscript.
Acknowledgements
We thank Bev Murray, Romano Endrighi and Katie O’Donnell
for their involvement in data collection.
References
Ainsworth, M.S., Blehar, M.C., Waters, E., Wall, S., 1978. Patterns of
Attachment: A Psychological Study of the Strange Situation.
Lawrence Erlbaum, Hillsdale, NJ.
Armitage, C.J., Harris, P.R., 2006. The influence of adult attachment
on symptom reporting: testing the mediational model in a sample
of the general population. Psychol. Health 21, 351—366.
Bartholomew, K., Horowitz, L.M., 1991. Attachment styles among
young adults. A test of a four category model. J. Pers. Soc.
Psychol. 61, 226—244.
Bartley, M., Head, J., Stansfeld, S., 2007. Is attachment style a
source of resilience against health inequalities at work? Soc. Sci.
Med. 64, 765—775.
Blascovich, J., Tomaka, J., 1996. The biopsychosocial model of
arousal regulation. In: Zanna, M. (Ed.), Advances in Experimental
Social Psychology. Academic Press, New York, pp. 1—51.
Bowlby, J., 1969. Attachment and Loss, vol. 1. Attachment. Basic
Books, New York.Brennan, K.A., Clark, C.L., Shaver, P., 1998. Self-report measures of
adult romantic attachment. In: Simpson, J.A., Rholes, W.S.
(Eds.), Attachment Theory and Close Relationships. Guilford
Press, New York, pp. 46—76.
Carpenter, L.L., Carvalho, J.P., Tyrka, A.R., Wier, L.M., Mello, A.F.,
Mello, M.F., Anderson, G.M., Price, L.H., 2007. Decreased adre-
nocorticotropic hormone and cortisol responses to stress in
healthy adults reporting significant childhood maltreatment.
Biol. Psychiatry 62, 1080—1108.
Carpenter, E.M., Kirkpatrick, L.A., 1996. Attachment style and pres-
ence of a romantic partner as moderators of psychophysiological
responses to stressful laboratory situations. Pers. Relatsh. 3,
351—367.
Carpenter, L.L., Tyrka, A.R., Ross, N.S., Khoury, L., Anderson, G.M.,
Price, L.H., 2009. Effect of childhood emotional abuse and age on
cortisol responsivity in adulthood. Biol. Psychiatry 66, 69—75.
Chorpita, B.E., Barlow, D.H., 1998. The development of anxiety: the
role of control in the early environment. Psychol. Bull. 124, 3—21.
Ciechanowski, P.S., Katon, W.J., Russo, J.E., Dwight-Johnson, M.M.,
2002a. Associations with attachment style to lifetime medically
unexplained symptoms in patients with hepatitis C. Psychoso-
matics 43, 200—212.
Ciechanowski, P., Sullivan, M., Jensen, M., Romano, J., Summers, H.,
2003. The relationship of attachment style to depression, cata-
strophizing and health care utilization in patients with chronic
pain. Pain 104, 627—637.
Ciechanowski, P.S., Walker, E.A., Katon, W.J., Russo, J.A., 2002b.
Attachment theory: a model for health care utilization and
somatization. Psychosom. Med. 64, 660—667.
Denson, T.F., Spanovic, M., Miller, N., 2009. Cognitive appraisals and
emotions predict cortisol and immune responses: a meta-analysis
of acute laboratory social stressors and emotion inductions.
Psychol. Bull. 135, 823—853.
Diamond, L.M., 2001. Contributions of psychophysiology to research
on adult attachment: review and recommendations. Pers. Soc.
Psychol. Rev. 5, 276—295.
Dickerson, S.S., Kemeny, M.E., 2004. Acute stressors and cortisol
response: a theoretical integration and synthesis of laboratory
research. Psychol. Bull. 130, 355—391.
Ditzen, B., Schmidt, S., Strauss, B., Nater, U.M., Ehlert, U., Hein-
richs, M., 2008. Adult attachment and social support interact to
reduce psychological but not cortisol responses to stress. J.
Psychom. Res. 64, 479—486.
Fries, E., Hesse, J., Hellhammer, J., Hellhammer, D.H., 2005. A new
view on hypocortisolism. Psychoneuroendocrinology 30, 1010—
1016.
Gerra, G., Zamovic, A., Mascetti, G.G., Gardini, S., Zambelli, U.,
Timpano, M., Raggi, M.A., Brambilla, F., 2001. Neuroendocrine
responses to experimentally induced psychological stress in
healthy humans. Psychoneuroendocrinology 26, 91—107.
Gervasoni, N., Bertschy, G., Osiek, C., Perret, G., Denis, R., Golaz,
J., Rossier, M.F., Bondolfi, G., Aubry, J.M., 2004. Cortisol
responses to combined dexamethasone/CRH test in outpatients
with a major depressive episode. J. Psychiatr. Res. 38, 553—
557.
Gunnar, M.R., Brodersen, L., Nachmias, M., Buss, K., Rigatuso, J.,
1996. Stress reactivity and attachment security. Dev. Psychobiol.
29, 191—204.
Gunnar, M.R., Frenn, K., Wewerka, S.S., Van Ryzin, M.J., 2009.
Moderate versus severe early life stress: associations with stress
reactivity and regulation in 10—12-year-old children. Psychoneur-
oendocrinology 34, 62—75.
Gunnar, M., Vazquez, D., 2006. Stress neurobiology and developmen-
tal psychopathology. In: Cicchetti, D., Cohen, D. (Eds.), Devel-
opmental Psychopathology (2nd ed.), Developmental
Neuroscience, vol. 2. Wiley, New York, pp. 533—577.
Hamer, M., O’Donnell, K., Lahiri, A., Steptoe, A., 2010. Salivary
cortisol responses to mental stress are associated with coronary
Examining the association between adult attachment style and cortisol responses to acute stress 779artery calcification in healthy men and women. Eur. Heart J. 31,
424—429.
Hazan, C., Shaver, P., 1987. Romantic love conceptualized as an
attachment process. J. Pers. Soc. Psychol. 52, 511—524.
Heim, C., Ehlert, U., Hellhammer, D.H., 2000. The potential role of
hypocortisolism in the pathophysiology of stress related bodily
disorders. Psychoneuroendocrinology 25, 1—35.
Kidd, T., Sheffield, D., 2005. Attachment style and symptom report-
ing: examining the mediating effects of anger and social support.
Br. J. Health Psychol. 10, 531—541.
Kirschbaum, C., Klauer, T., Filipp, S., Hellhammer, D.H., 1995. Sex
specific effects of social support on cortisol and subjective re-
sponse to acute psychological stress. Psychosom. Med. 57, 23—31.
Luecken, L.J., Lemery, K.S., 2004. Early care-giving and physiologi-
cal stress responses. Clin. Psychol. Rev. 24, 171—191.
Lupien, S.J., McEwen, B.S., Gunnar, M.R., Heim, C., 2009. Effect of
stress throughout the lifespan on the brain, behaviour and cogni-
tion. Nature 10, 434—445.
Main, M., Kaplan, N., Cassidy, J., 1985. Security in infancy, childhood
and adulthood: a move to the level of representation. Monogr.
Soc. Res. Child Dev. 50, 66—104.
Marmot, M.G., Smith, G.D., Stansfeld, S., Patel, C., North, F., Head,
J., White, I., Brunner, E., Feeney, A., 1991. Health inequalities
among British civil servants: the Whitehall II study. Lancet 337,
1387—1393.
Maunder, R.G., Hunter, J.L., 2009. Assessing patterns of adult at-
tachment in medical practice. Gen. Hosp. Psychiatry 31, 123—
130.
Maunder, R.G., Lancee, W.L., Nolan, R.P., Hunter, J., Tannenbaum,
D.W., 2006. The relationship of attachment insecurity to subjec-
tive stress and autonomic function during standardised acute
stress in healthy adults. J. Psychosom. Res. 60, 283—290.
McEwen, B.S., 1998. Stress, adaptation, and disease. Allostasis and
allostatic load. Ann. NY Acad. Sci. 840, 33—44.
McEwen, B.S., 2008. Understanding the potency of stressful early life
experiences on brain and body function. Metabolism 57, 11—15.
Mikulincer, M., 1998. Adult attachment style and individual differ-
ences in functional versus dysfunctional experiences of anger. J.
Pers. Soc. Psychol. 74, 513—524.
Mikulincer, M., Florian, V., 1998. The relationship between adult
attachment styles and emotional and cognitive reactions to
stressful events. In: Simpson, J.A., Rholes, W.S. (Eds.), Attach-
ment Theory and Close Relationships. Guildford Press, New York,
pp. 143—165.
Mikulincer, M., Shaver, P.R., Pereg, D., 2003. Attachment theory and
affect regulation: the dynamics, development, and cognitive
consequences of attachment-related strategies. Motiv. Emot.
27, 77—102.
Miller, G.E., Chen, E., Zhou, E., 2007. If it goes up, must it come
down? Chronic stress and the hypothalamic-pituitary-adrenocor-
tical axis in humans. Psychol. Bull. 133, 25—45.
Pierrehumbert, B., Torrisi, R., Glatz, N., Dimitrova, N., Heinrichs,
M., Halfon, O., 2009. The influence of attachment on perceived
stress and cortisol response to acute stress in women sexuallyabused in childhood or adolescence. Psychoneuroendocrinology
34, 924—938.
Powers, S.I., Pietromonarco, P.R., Gunlicks, M., Sayer, A., 2006.
Dating couples attachment styles and patterns of cortisol reac-
tivity and recovery in response to relationship conflict. J. Pers.
Soc. Psychol. 90, 613—628.
Pruessner, J.C., Dedovic, K., Pruessner, M., Lord, C., Buss, C., Collins,
L., Dagher, A., Lupien, S.J., 2010. Stress regulation in the central
nervous system: evidence from structural and functional neuro-
imaging studies in human populations — 2008 Curt Richter Award
Winner. Psychoneuroendocrinology 35, 179—191.
Pruessner, J.C., Kirschbaum, C., Meinlschmid, G., Hellhamer, D.H.,
2003. Two formulas for computation of the area under the curve
represents measures of total hormone concentration versus time-
dependent change. Psychoneuroendocrinology 28, 916—931.
Quirin, M., Gillath, O., Pruessner, J.C., Eggert, L.D., 2010. Adult
attachment insecurity and hippocampal cell density. Scan 5, 39—
47.
Quirin, M., Pruessner, J.C., Kuhl, J., 2008. HPA system regulation and
adult attachment anxiety: individual differences in reactive and
awakening cortisol. Psychoneuroendocrinology 33, 581—590.
Ravitz, P., Maunder, R., Hunter, J., Sthankiya, B., Lancee, W., 2010.
Adult attachment measures: a 25 year review. J. Psychosom. Res.
69, 419—432.
Repetti, R.L., Taylor, S.E., Seeman, T.E., 2002. Risky families: family
social environment and the mental and physical health of off-
spring. Psychol. Bull. 128, 330—366.
Rifkin-Graboi, A., 2008. Attachment status and salivary cortisol in a
normal day and during simulated interpersonal stress in young
men. Stress 11, 210—224.
Schmidt, S., Nachtigall, C., Wuethrich, M.O., Strauss, B., 2002.
Attachment and coping with chronic disease. J. Psychosom.
Res. 53, 763—773.
Shaver, P.S., Mikulincer, M., 2007. Adult attachment theory and the
regulation of emotion. In: Gross, J., Thompson, R.A. (Eds.),
Handbook of Emotional Regulation. Guildford Press, New
York, pp. 446—465.
Smeets, T., 2010. Autonomic and hypothalamic-pituitary-adrenal
stress resilience: impact of cardiac vagal tone. Biol. Psychol.
84, 290—295.
Steptoe, A., Hamer, M., O’Donnell, K., Venuraju, S., Marmot, M.G.,
Lahiri, A., 2010. Socioeconomic status and subclinical coronary
disease in the Whitehall II epidemiological study. PLoS One 5,
e8874.
Steptoe, A., Kunz-Ebrecht, S., Owen, N., Feldman, P.J., Rumley, A.,
Gordon, D.O., Lowe, G.D.O., Marmot, M., 2003. Influence of
socioeconomic status and job control on plasma fibrinogen
responses to acute mental stress. Psychosom. Med. 65, 137—144.
Taylor, S.E., 2010. Mechanisms linking early life stress to adult health
outcomes. Proc. Natl. Acad. Sci. U.S.A. 107, 8507—8512.
Wearden, A., Lamberton, N., Crook, N., Walsh, V., 2005. Adult
attachment, alexithymia, and symptom reporting. An extension
to the four category model of attachment. J. Psychosom. Res. 58,
279—288.
